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Abstract This paper presents a new approach for Real-Time Application of Proﬁt Based Unit
Commitment using Memory Management Algorithm. The main objective of the restructured sys-
tem is to maximize its own proﬁt without the responsibility of satisfying the forecasted demand.
The Proﬁt Based Unit Commitment (PBUC) is solved by Memory Management Algorithm
(MMA) in Real-Time Application. MMA approach is introduced in this paper considering power
and reserve generation. The proposed method MMA uses Best Fit and Worst Fit allocation for gen-
erator scheduling in order to receive the maximum proﬁt by considering the softer demand. Also,
this method gives an idea regarding how much power and reserve should be sold in markets. The
proposed approach has been tested on a power system with 2, 3, and 10 generating units. Simulation
results of the proposed approach have been compared with the existing methods.
ª 2013 Production and hosting by Elsevier B.V. on behalf of Faculty of Engineering, Alexandria
University.
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Power industry is undergoing restructuring throughout the
world. The past decade has seen a dramatic change in the
manner in which the power industry is organized. It has
moved from a formally vertically integrated and highly reg-
ulated industry to one that has been horizontally integrated
in which generation, transmission, and distribution are
unbundled.
The basic aim of Generation Companies (GENCOs) in
restructuring of power system is to create competition
among generating companies and provide choice of different
generation options at a competitive price to consumers. The
main objective of GENCOs is to maximize their own proﬁt
by considering the softer demand. In the past, utilities had
to produce power to satisfy their customers with the mini-
mum production cost. This means utilities run Unit Com-
mitment (UC) with the condition that demand and reserve
must be met.
In this paper, the authors intend to explain the importance
of open market environment to GENCO that gives an idea for
power producers to maximize their own proﬁt as well as to
maintain the power quality to consumers. Because of the fast
economic development, electricity demand is growing rapidly,
and the power system expansion becomes a severe economic
burden of the government and a bottleneck of overall economy
sustainable development.
It is urgent to launch power system restructuring and
deregulation and to establish power markets with fair com-
petition so as to attract more investments from various
sources to power industry. It is impossible to predict the fu-
ture UC scheduling, but with the Genetic Based Unit Com-
mentioned [1,8]. Tabu search improves the status by avoid-
ing entrapment in local minima, and the best population is
selected by evolutionary strategy [9]. Hybrid method LR-
EP has been used for solving the PBUC problem due to
its ability to solve PBUC problems more efﬁciently [6,15].
PBUC problems were solved by using conventional meth-
ods such as Dynamic Programming (DP) and Lagrange
Relaxation (LR) methods [10] previously. Due to the curse
of dimensionality with increase in number of generating
units, LR method suffers from numerical convergence, and
DP method takes huge computational time to obtain an
optimal solution. The Muller method was introduced to
solve economic dispatch problem, and Improved Pre-pre-
pared Power Demand table was introduced to solve combi-
natorial subproblem for deregulated environment without
the effect of r where r is the probability that the reserve is
called and generated [11].
The formulation in paper [12] maximizes the ﬁrm’s proﬁt
based on the forecasted Locational Marginal Prices (LMPs).
In paper [13], price uncertainty is modeled in a procedure
using fuzzy members for maximizing a GENCO’s proﬁt.
In paper [14], the formulation and solution of security con-
strained Unit Commitment solves simultaneous optimization
of energy and ancillary services markets. In paper [16], a
methodology is proposed for managing risks faced by power
producers trading in energy market a day ahead. In paper
[17], Quantum-Inspired Evolutionary Algorithm (QEA) is
applied to solve the UC problem and proposes novel
QEA-based UC method (QEA-UC) in which the unit-sched-
uling problem is handled by QEA, and the economic dis-
patch problem is solved by the commonly-used method,
Lambda-Iteration Technique. The author in paper [18] inves-mitment Algorithm (GBUCA) ability, good UC schedules
and reasonable computer execution time using the true cost-
ing approach can be obtained [2]. The authors have reported
research illustrating how power producers make decisions
when having the option of selling to both the spot power
market and reserve market [3]. GBUCA was updated for
the PBUC-GA and to provide the user with additional
information that identiﬁes which schedules allow the user
more market ﬂexibility for given level of proﬁt [4]. But dis-
advantages of the GA solution for PBUC problem are that
the ﬁnal solution being heuristic in nature may not be satis-
factory. The author gives an overview of concept the of UC
problem with a bibliographical survey of relevant back
ground and provides a representative sample of current engi-
neering thinking pertaining to the next generation UC prob-
lem [7]. Basic terms of Unit Commitment are clearly
tigates modeling approaches for the computational cost
reduction in stochastic UC formulations. Long-term UCP
was considered without ramp rate limit constraints of indi-
vidual units [19]. The unit on/off status schedule problem
with integer variables that can be solved by the improved
discrete binary PSO and the other economic dispatch prob-
lem with continuous generated power that can be solved by
the standard real value PSO [22].
From the literature survey, it is observed that most of the
existing algorithms have some limitations to provide the
qualitative solution. The proposed method considers both
power and reserve generation at the same time, and also,
it is implemented for Real-Time Application. Result is ob-
tained within 1 millisecond for 2 and 3 unit systems. Slight
variations in the time are noted for increase in number of
units in the system.
2. Problem formulation
The objective of UC is not to minimize costs as before, but to
provide the maximum proﬁt for a company. It is an optimiza-
tion problem and can be formulated mathematically by the
following equations.
Figure 1 Flow chart of proposed method.
Table 1 Forecasted demand and price for 2
generator case.
Hour Forecasted
demand (MW)
Price forecast
($/MW h)
1 285 25.87
2 293 23.06
3 267 19.47
4 247 18.66
5 295 21.38
6 292 12.46
7 299 9.12
8 328 8.88
9 326 9.12
10 298 8.88
11 267 25.23
12 293 26.45
13 350 25.00
14 350 24.00
Table 2 Fuel cost data of 2 generator case.
Generator 1 Generator 2
P min (MW) 40 40
P max (MW) 180 180
A (const) 58.25 138.51
B (linear) 8.287 7.955
C (quadiatic) 7.62e06 3.05e05
Bank cost ($) 192 223
Start cost ($) 443 441
Stop cost ($) 750 750
Min up (h) 4 4
Min down (h) 4 4
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The objective function is
MaxPF ¼ RV TC ð1Þ
(or)
MinTC RV ð2Þ
Subject to
XN
i¼1
PitXit  D0t; t ¼ 1 . . . ð3Þ
XN
i¼1
RitXit  SR0t; t ¼ 1 . . .T ð4Þ
Redeﬁning the UC problem for the competitive environ-
ment involves changing the demand and reserve constraints
from an equality to less than or equal to the forecasted level
if it creates more proﬁt.
Pimin  Pi  Pimax ð5Þ
0  Ri  Pimax  Pimin ð6Þ
Ri þ Pi  Pimax ð7Þ
Minimum Up and Downtime constraints, where variables
are deﬁned as follows:
 PF proﬁt of GENCO.
 RV revenue of GENCO.
 TC total cost of GENCO.
 Pit power generation of generator at hour t.
 Rit reserve generation of generator at time t.
 Xit on/off status of generator at hour t.
 D0t forecasted demand at hour t.
 SR0t forecasted reserve at hour t.
 Pi min minimum generation limit of generator i.
Table 4 Optimum allocation of generation of 2 generator
case.
Hour U1 U2 RV ($) TC ($) Proﬁt ($)
1 180 105 7372.95 2478.62 4894.32
2 180 113 6756.58 2544.93 4211.64
3 180 87 5198.49 2329.4 2869.05
4 180 0 3358.8 1550.16 1808.64
5 180 115 6307.09 2561.51 3745.58
6 180 112 3638.32 2536.64 1101.67
7 180 119 2726.88 2594.66 132.21
8 180 148 2912.64 2835.04 79.59
9 180 146 2973.12 2818.47 154.64
10 180 118 2646.24 2586.37 59.86
11 180 87 6736.41 2329.43 4406.96
12 180 113 7749.85 2544.93 5204.91
13 180 170 8750.0 3017.41 5732.58
14 180 170 8400.0 3017.41 5382.58
Total proﬁt 39782.26
Computation time 1 ms
Figure 2 Proﬁt, total cost, and demand of 2 generator case.
Table 3 Comparison of proﬁt and computation time f or 2
generator case.
Hour PPBUC-GA method PBUC-MMA (proposed)
Proﬁt ($) Solution time Proﬁt ($) Solution time
10 2451.01 .5 s 19038.4 1 ms
12 4911.50 2 s 28647.03 1 ms
Table 5 Forecasted demand and price for 3 generator case.
c Forecasted
demand (MW)
Forecasted spot
price ($/MW h)
Forecasted
reserve(MW)
1 170 10.55 20
2 250 10.35 25
3 400 9.00 40
4 520 9.45 55
5 700 10.00 70
6 1050 11.25 95
7 1100 11.30 100
8 800 10.65 80
9 650 10.35 65
10 330 11.20 35
11 400 10.75 40
12 550 10.60 55
Table 6 Fuel cost data of 3 generator case.
Unit 1 Unit 2 Unit 3
P max (MW) 600 400 200
P min (MW) 100 100 50
a ($/h) 500 300 100
b ($/MW h) 10 8 6
c ($/MW2 h) 0.002 0.0025 0.005
Min up time (h) 3 3 3
Min down time (h) 3 3 3
Startup cost ($) 450 400 300
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 Pi max maximum generation limit of generator I.
 N number of generator units.
 T number of hours.
Here, forecasted demand, reserve, and prices are impor-
tant inputs to the proﬁt based UC algorithm; they are used
to determine the expected revenue (1), which affects the ex-
pected proﬁt.
3. Power producer strategies for selling power and reserve
If a power producer is able to sell power into a reserve market,
then the producer’s strategies for proﬁt maximization in both
the spot and reserve markets are intertwined. The producer de-
cides to Pi(S) in the spot market and Pi(R) in the reserve mar-
ket. The exact determination of Pi(S) and Pi(R) depends on the
way reserve payments are made, although results are very sim-
ilar (3).
Table 7 Power and reserve generation of reserve payment method A (r= .005, reserve price = 3 · spot price) (computation time –
1 ms).
Hour Traditional Unit Commitment [6] Proﬁt ($) PBUC by MMA (A) Proﬁt ($)
Power (MW) Reserve (MW) Power (MW) Reserve (MW)
U1 U2 U3 U1 U2 U3 U1 U2 U3 U1 U2 U3
1 0 100 170 0 0 20 126.5 0 0 170 0 0 20 531.1
2 0 100 150 0 0 25 352.9 0 0 200 0 0 0 570
3 0 200 200 0 40 0 103.6 0 0 200 0 0 0 300
4 0 320 200 0 55 0 303.1 0 320 200 0 55 0 301.79
5 100 400 200 70 0 0 363.2 0 400 200 0 0 0 600
6 450 400 200 95 0 0 1017.8 0 400 200 0 0 0 1350
7 500 400 200 100 0 0 1040.9 0 400 200 0 0 0 1380
8 200 400 200 80 0 0 548.4 0 400 200 0 0 0 990
9 100 350 200 15 50 0 308.1 0 400 200 0 0 0 810
10 100 100 130 0 0 35 91.1 0 0 200 0 0 0 740
11 100 100 200 0 40 0 159.7 0 0 200 0 0 0 650
12 100 250 200 0 55 0 359.9 0 350 200 0 0 0 923.75
4048.8$ TOTAL 9146.64
Table 8 Power and reserve generation of reserve payment method B (r= .005, reserve price = .04 · spot price) (computation time –
1 ms).
Hour Traditional Unit Commitment [6] Proﬁt ($) PBUC by MMA (B) Proﬁt ($)
Power (MW) Reserve (MW) Power (MW) Reserve (MW)
U1 U2 U3 U1 U2 U3 U1 U2 U3 U1 U2 U3
1 0 100 170 0 0 20 132.8 0 0 170 0 0 20 537.5
2 0 100 150 0 0 25 360.6 0 0 200 0 0 0 570
3 0 200 200 0 40 0 114.3 0 0 200 0 0 0 300
4 0 320 200 0 55 0 318.6 0 320 200 0 55 0 317.08
5 100 400 200 70 0 0 342.3 0 400 200 0 0 0 600
6 450 400 200 95 0 0 1049.7 0 400 200 0 0 0 1350
7 500 400 200 100 0 0 1074.5 0 400 200 0 0 0 1380
8 200 400 200 80 0 0 573.8 0 400 200 0 0 0 990
9 100 350 200 15 50 0 328.1 0 400 200 0 0 0 810
10 100 100 130 0 0 35 102.8 0 0 200 0 0 0 740
11 100 100 200 0 40 0 172.5 0 0 200 0 0 0 650
12 100 250 200 0 55 0 377.3 0 350 200 0 0 0 923.75
4262.7$ TOTAL 9168.18
Table 9 Comparison of the results of 3 unit system with
existing methods by proposed method (method – A).
S. no Method Proﬁt ($) Computation
time
1 Traditional UC [6] 4048.8 –
2 PBUC by LR-EP method [6] 9074.3 –
3 PBUC by Muller method [11] 9030.5 0.078 s
4 PBUC by LR-ACSA method [21] 9081.1 –
5 Proposed method 9146.64 1 ms
Table 10 Comparison of the results of 3 unit system with
existing methods by proposed method (method – B).
S. no Method Proﬁt ($) Computation time
1 Traditional UC [6] 4262.7 –
2 PBUC by LR-EP method [6] 9136.0 –
5 Proposed method 9168.18 1 ms
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Table 11 Unit data (10 unit, 24 h system).
Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 Unit 9 Unit 10
P max (MW) 455 455 130 130 162 80 85 55 55 55
P min (MW) 150 150 20 20 25 20 25 10 10 10
a ($/h) 0.00048 0.00031 0.00200 0.00211 0.00398 0.00712 0.00079 0.00413 0.00222 0.00173
b ($/MW h) 16.19 17.26 16.60 16.50 19.70 22.26 27.74 25.92 27.27 27.79
c ($/MW2 h) 1000 970 700 680 450 370 480 660 665 670
Min up time (h) 8 8 5 5 6 3 3 1 1 1
Mindown time (h) 8 8 5 5 6 3 3 1 1 1
Start up cost ($) 450 500 550 560 900 170 260 30 30 30
Initial status (h) 8 8 5 5 6 3 3 1 1 1
Table 12 Forecasted demand and reserve data for 10 unit, 24 h system.
T D0t (MW) SR
0
t
(MW)
SPt ($/
MW h)
T D0t
(MW)
SR0t
(MW)
SPt ($/
MW h)
T D0t
(MW)
SR0t
(MW)
SPt ($/
MW h)
1 700 70 22.15 9 1300 130 22.80 17 1000 100 22.25
2 750 75 22.00 10 1400 140 29.35 18 1100 110 22.05
3 850 85 23.10 11 1450 145 30.15 19 1200 120 22.20
4 950 95 22.65 12 1500 150 31.65 20 1400 140 22.65
5 1000 100 23.25 13 1400 140 24.60 21 1300 130 23.10
6 1100 110 22.95 14 1300 130 24.50 22 1100 110 22.95
7 1150 115 22.50 15 1200 120 22.50 23 900 90 22.75
8 1200 120 22.15 16 1050 105 22.30 24 800 80 22.55
Figure 3 Forecasted demand and dispatched power for 24 h, 10 unit system.
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3.1. Payment for power delivered
In this method, the reserve is paid when only it is actually used.
Therefore, the reserve price is higher than the power (spot)
price. Revenue and cost in (1) can be calculated from
RV ¼
XN
i¼1
XT
t¼1
ðPit  SPtÞ  Xit þ
XN
i¼1
XT
t¼1
r  RPt  RitXit ð8Þ
TC ¼ ð1 rÞ
XN
i¼1
XT
t¼1
FðPitÞ  Xit þ r
XN
i¼1
XT
t¼1
FðPit þ RitÞ  Xit
þ ST  Xit ð9Þ
where SPt is the forecasted spot price at hour t, RPt the fore-
casted reserve price at hour t, F(Pit) the fuel cost function of
generator i, ST the start up cost, and r is the probability that
the reserve is called and generated.
3.2. Payment for reserve allocated
In this method, GENCO receives the reserve price per unit of
reserve for every time period that the reserve is allocated and
not used. When the reserve is used, GENCO receives the spot
price for the reserve that is generated. In this method, reserve
price is much lower than the spot price. Revenue and costs in
(1) can be calculated from
RV ¼
XN
i¼1
XT
t¼1
Pit  SPtð Þ  Xit
þ
XN
i¼1
XT
t¼1
ð1 rÞ  RPt þ r  SPtð ÞRitXit ð10Þ
TC ¼ ð1 rÞ
XN
i¼1
XT
t¼1
FðPitÞ  Xit þ r
XN
i¼1
XT
t¼1
F Pit þ Ritð Þ
 Xit þ ST  Xit ð11Þ
where r is the probability that the reserve is called and gener-
ated, F(Pit) is the Generator’s fuel cost function, and it can be
expressed as ai + bi pit + ci pit
2 in which ai, bi, and ci are gen-
erator’s constants.
4. Memory Management Algorithms in PBUC
The Memory Management Modules of an operating system
are concerned with the management of primary memory. Pri-
mary memory means the processors from which instructions
and data can be directly accessed. Memory management is
concerned with four functions speciﬁcally; (1) Keeping track
of the status of each location of primary memory. (2) Deter-
mining allocation policy for memory. (3) Allocation technique
– once it is decided to allocate memory, the speciﬁed location
must be selected and allocation information will be updated.
(4) Reallocation technique and policy.
In general, a set of holes of various sizes is scattered
throughout memory at any given time. When a process arrives
and needs memory, the system searches this set for a hole that
is large enough for the process. There are three different allo-
Figure 4 Revenue, total cost, and proﬁt in dollars for 24 h, 10 unit system.
Table 13 Comparison of the results of 10 unit system (24 h)
with existing methods by proposed method A.
S. no Method Proﬁt ($)
1 PBUC by LR-EP method [6] 112818.93
2 PBUC by Muller method [11] 103296
3 PBUC-MAS [20] 109485.19
4 PBUC by TS-RP [23] 101086
5 PBUC by TS-IRP [23] 103261
6 PBUC by improved PSO [22] 113018.7
7 Proposed method 119066.229
Table 14 Comparison of the results of 10 unit system (24 h)
with existing methods by proposed method B.
S. no Method Proﬁt ($) Computation time
2 PBUC by LR-EP method [6] 107838.58 –
5 Proposed method 120334.073 1.2 ms
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cation algorithms available. They are (1) First Fit, (2) Best Fit,
and (3) Worst Fit.
Best Fit allocates forecasted demand from smaller capacity
of available generator by satisfying the constraints mentioned
in the problem (1)–(7) where in Worst Fit allocates forecasted
demand from higher capacity of given generator units. In
PBUC, memory present in the system is equated to the maxi-
mum capacity of generator units, and the process is equated to
the forecasted demand. The algorithm present in this paper for
solving the new PBUC is a modiﬁcation of the traditional Unit
Commitment described by Attaviriyanupap et al. [5]. The pro-
posed method is used to modify PBUC described by Richter
and Sheble also [4] by including the effect of r. MMA uses Best
Fit allocation and Worst Fit allocation for allocating
forecasted demand which are implemented in Java, a web-
based applications. The proposed method dynamically chooses
the algorithm, based on the number of generator units avail-
able in the system. If number of generators is greater than 5,
then proﬁt is high for Worst Fit Algorithm rather than select-
ing Best Fit Algorithm. As already mentioned, Worst Fit allo-
cates forecasted demand from the higher capacity of the
generator in such a way that minimum number of generators
are committed to reduce fuel cost and maximize proﬁt. There
are many beneﬁts to the power industry by developing
MMA in web-based application. Some of them are listed be-
low in deregulation of the energy market:
 Online price comparison of energy customers.
 Improved customer relationship management.
 Online sign up to electricity supplier.
 Establishment of remote e-partnerships.
Best Fit and Worst Fit allocate forecasted demand from
capacity of available generator by satisfying the constraints
mentioned in the problem (1)–(7). Fig. 1 explains the ﬂow
chart of Memory Management Algorithm. Here, forecasted
demand, forecasted spot, and reserve price are important input
data.
5. Numerical results and discussion
The proposed method has been implemented in Java and
tested using three different systems to solve PBUC problem.
Before running PBUC-MMA, the GENCOs need to get an
accurate hourly demand and price forecast for the scheduling
period. Fuel cost function of each generator is estimated into
quadratic form.
5.1. Two unit test system
The forecasted demand and forecasted prices are listed in Table
1 for 2 generator case. The fuel cost data of 2 unit system are
listed in Table 2. In 2 unit system, the effect of r and
forecasted reserve are not considered. Simulations are carried
out to ﬁnd optimal solution, solution time, and proﬁt, and they
are also compared with existing method PBUC-GA [4]. From
Table 3, it is observed that the proposed approach obtains 5–7
times higher proﬁt than PBUC-GA [4], and the computational
Table 15 Example of power and reserve generation of reserve payment method A (10 units system) (r= 0.05, reserve price = 5 · spot
price).
Hour Proﬁt Based Unit Commitment (reserve payment method A)
Power (MW) Reserve (MW) Proﬁt $
U1 U2 U3 U4 U5 U6 U7 U8 U9 U10 U1 U2 U3 U4 U5 U6 U7 U8 U9 U10
1 0 455 0 83 162 0 0 0 0 0 0 0 0 47 0 0 0 0 0 0 1380.86
2 295 455 0 0 0 0 0 0 0 0 75 0 0 0 0 0 0 0 0 0 1830.45
3 395 455 0 0 0 0 0 0 0 0 60 0 0 0 0 0 0 0 0 0 3302.38
4 455 455 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3258.2
5 455 455 0 0 90 0 0 0 0 0 0 0 0 0 72 0 0 0 0 0 3673.89
6 455 455 0 0 162 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5475.5
7 455 455 0 0 162 0 0 0 55 0 0 0 0 0 0 0 0 0 0 0 2130.25
8 455 455 0 128 162 0 0 0 0 0 0 0 118 2 0 0 0 0 0 0 2701.02
9 455 455 0 130 162 0 85 0 0 0 0 0 130 0 0 0 0 0 0 0 5443.45
10 455 455 130 130 162 68 0 0 0 0 0 0 0 0 0 12 85 0 0 0 12374.33
11 455 455 130 130 162 33 0 0 0 0 0 0 0 0 0 47 85 0 0 0 12968.66
12 455 455 130 130 162 80 85 0 0 0 0 0 0 0 0 0 0 55 55 0 15519.19
13 455 455 130 130 162 0 68 0 0 0 0 0 0 0 0 80 17 0 0 0 5262.33
14 455 455 0 130 162 0 85 0 0 0 0 0 130 0 0 0 0 0 0 0 8539.10
15 455 455 0 128 162 0 0 0 0 0 0 0 118 2 0 0 0 0 0 0 3124.78
16 455 455 0 0 140 0 0 0 0 0 0 0 0 0 22 80 0 0 0 0 2821.72
17 455 455 0 0 90 0 0 0 0 0 0 0 0 0 72 0 0 0 0 0 2672.07
18 455 455 0 0 162 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4330.71
19 455 455 0 128 162 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2154.28
20 455 455 130 130 162 68 0 0 0 0 0 0 0 0 0 12 85 0 0 0 2977.157
21 455 455 0 130 162 0 85 0 0 0 0 0 0 0 0 0 0 0 0 0 4049.9
22 455 455 0 0 162 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5475.51
23 445 455 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5047.58
24 345 455 0 0 0 0 0 0 0 0 80 0 0 0 0 0 0 0 0 0 2543.16
Total proﬁt $ 119056.477
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time is verymuch less than PBUC-GA. In this example, the pro-
posed algorithm uses Best Fit allocation to dispatch power eco-
nomically by arranging themaximum output power of the given
units in the ascending order. Based on the forecasted informa-
tion, power is dispatched economically by the proposedmethod.
In PBUC, a GENCO has no longer the obligation to meet the
demand. A GENCO may choose to generate less than the de-
mand. Table 4 shows the generation plan and proﬁt without
the effect of r and reserve power. Fig. 2 shows the variation of
proﬁt, demand, and total cost on hourly basis. From the graph-
ical observation, the proﬁt is found to be enhanced.
5.2. Three unit test system
The forecasted demand and forecasted prices are listed in
Table 5 .The fuel cost data of 3 unit system are listed in Ta-
ble 6. The proposed method investigates the effect of r and
reserve power, and the results of both methods A and B are
compared with the existing methods. Table 7 and 8 show the
examples of power and reserve scheduling plans for reserve
payment methods A and B. In method A, reserve is paid
only when the reserve power is actually delivered and used.
That is why proﬁt in this method is more sensitive when r is
varied. For method B, reserve is paid all the time, even
when it is not delivered. Here, proﬁt is more sensitive when
reserve price is varied. Moreover, computation time is about
1 ms for 3 unit system. The results are compared with those
obtained via the traditional UC algorithm [6] and via the
hybrid LR-EP proﬁt based UC algorithm developed in [6],
Muller method [11], LR-ACSA method [21], and the proﬁt
is found to be higher as it is shown in Table 9 for method
A. The main features of the proposed method, developed for
web-based application, can be monitored from central ofﬁce.
In Table 10, for method B, results are compared with those
obtained via the traditional UC algorithm [6] and hybrid
proﬁt based UC algorithm developed in [6], and the proﬁt
is found to be higher.
5.3. Ten unit test system
In addition to the 2 and 3 unit system, a ten unit 24 – period
system is used to show that the proposed algorithm can work
well with Worst Fit allocation of MMA to dispatch power eco-
nomically by arranging the maximum output power of the gi-
ven units in the descending order. The fuel cost data of 10 unit
system are listed in Table 11. The forecasted demand and fore-
casted prices are listed in Table 12. Based on the forecasted
information, power is dispatched economically with the effect
of r by the proposed method, and it is shown in Tables 15 and
16. Dispatched power and forecasted demand are shown in
Fig. 3. From this, it is clear that dispatched power is less than
forecasted demand during all hours according to the constraint
(3). Fig. 4 shows the revenue received from power selling and
total cost of 10 unit systems. According to Fig. 4, the maxi-
mum proﬁt can be received at hour 12. From Table 13, it is
clear that the proposed method provides maximum proﬁt for
method A compared to the existing methods of PBUC by
LR-EP method [6], Muller method [11], MAS [20], TS-RP
[23], TS-IRP [23], and improved PSO [22]. For method B, prof-
it obtained by LR-EP method [6] is compared with proposed
Table 16 Example of power and reserve generation of reserve payment method B (10 units system) (r= 0.05, reserve
price = 0.01 · spot price).
Proﬁt Based Unit Commitment (reserve payment method B)
Power(MW) Reserve (MW) Proﬁt $
U1 U2 U3 U4 U5 U6 U7 U8 U9 U10 U1 U2 U3 U4 U5 U6 U7 U8 U9 U10
1 0 455 0 83 162 0 0 0 0 0 0 0 0 47 0 0 0 0 0 0 1370.40
2 295 455 0 0 0 0 0 0 0 0 75 0 0 0 0 0 0 0 0 0 1808.36
3 395 455 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3333.12
4 455 455 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3258.2
5 455 455 0 0 90 0 0 0 0 0 0 0 0 0 72 0 0 0 0 0 3657.09
6 455 455 0 0 162 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6375.51
7 455 455 0 0 162 0 0 0 55 0 0 0 0 0 0 0 0 0 0 0 2130.25
8 455 455 0 128 162 0 0 0 0 0 0 0 118 2 0 0 0 0 0 0 2674.3
9 455 455 0 130 162 0 85 0 0 0 0 0 130 0 0 0 0 0 0 0 5413.66
10 455 455 130 130 162 68 0 0 0 0 0 0 0 0 0 12 85 0 0 0 12345.72
11 455 455 130 130 162 33 0 0 0 0 0 0 0 0 0 47 85 0 0 0 12937.75
12 455 455 130 130 162 80 85 0 0 0 0 0 0 0 0 0 0 55 55 0 15519.19
13 455 455 130 130 162 0 68 0 0 0 0 0 0 0 0 80 17 0 0 0 5238.35
14 455 455 0 130 162 0 85 0 0 0 0 0 130 0 0 0 0 0 0 0 8507.1
15 455 455 0 128 162 0 0 0 0 0 0 0 118 2 0 0 0 0 0 0 3097.648
16 455 455 0 0 140 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2812.345
17 455 455 0 0 90 0 0 0 0 0 0 0 0 0 72 0 0 0 0 0 2655.97
18 455 455 0 0 162 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4991.73
19 455 455 0 128 162 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2154.28
20 455 455 130 130 162 68 0 0 0 0 0 0 0 0 0 12 85 0 0 0 2955.08
21 455 455 0 130 162 0 85 0 0 0 0 0 0 0 0 0 0 0 0 0 4049.9
22 455 455 0 0 162 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5475.51
23 445 455 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5047.58
24 345 455 0 0 0 0 0 0 0 0 80 0 0 0 0 0 0 0 0 0 2525.03
Total proﬁt $ 120334.073
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method as shown in Table 14. Computation time for both
methods is approximately 1.2 ms.
6. Conclusion
A new approach with MMA using Best Fit and Worst Fit allo-
cation has been proposed in this paper for solving PBUC. Fur-
ther, it can be implemented for web-based application. Based
on forecasted demand, PBUC is solved with and without the
effect of r. The proﬁt of 2-unit system is 7 and 5 times higher
for 10 and 12 h, respectively, than PBUC-GA without consid-
ering the effect of r. The effect of r and reserve power is con-
sidered for 3 and 10 unit system, and two reserve payment
methods are simulated. All simulated results of 3 and 10 unit
system are compared with the results of the existing methods.
It is observed that proﬁt obtained by the proposed method is
higher. In this paper, MMA is improved to give more accurate
solution with less computational time compared to existing
and traditional method and is thus amenable for web-based
operation required in deregulated environment. For further re-
search, PBUC with transmission losses and emission con-
straints will be considered. With these constraints added, the
end user can enjoy emission free economic power.
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